Climate-induced risks are very significant in these days and will impact the agriculture crop production because of the change in hydro-climatic condition. Remote sensing and GIS framework provide scientific understanding in practical application systems with the sustainable solution in new climate change reality and support significantly in resilience to mitigate the future risk. The paper deals with long-term monthly thematic datasets and analyzed the seasonal (kharif, rabi and zaid) pattern of precipitation, potential evapotranspiration and aridity index to scale of district level of India. Additionally, we have used the predicted (2025) monthly precipitation anomalies data (climate change scenario) to examine the seasonal precipitation pattern at the district level of India. The major agriculture crops (rice, wheat, and maize) for the year 2005 were also evaluated during those seasons. Such analysis gives better understanding and knowledge of district-wise seasonal spatial pattern at country level (India) of climate stress, crop water demand and suitably applied to make strategies/ synergic approach toward agriculture resilience. The long-term seasonal aridity index pattern analysis varies significantly throughout India during kharif, rabi and zaid seasons which were manifested by cropping pattern adopted by farmers as per land potentiality. Several districts in some of the states of India receive adequate precipitation during kharif season and manifest low aridity index in rabi and zaid season which can be recommended for rainwater conservation at the watershed level to boost the agriculture crop production. Farmer's suicide hot spot districts in the arid and semiarid regions need policy intervention to develop a concrete plan including integrated watershed management strategies with traditional ecological knowledge for long-term sustainable management for climate resilience because these districts showed significantly low aridity index value in all seasons. The remote sensing and GIS-based evaluation/results of this study in conjugation with in situ ancillary datasets will support significantly to address the climate-induced risk of farmers to achieve sustainability in food security, enhancing the livelihood, eradication of poverty and magnifying the farm household resilience.
Introduction
Climate change-induced risks are extremely large these days and are a great challenge for the scientists, researchers, policymakers around the world including India. Remote sensing and GIS and recent free online crop and weather datasets provide great opportunity to understand crop productivity at a site-specific scale when integrated with seasonal climate predictions and offer tangible solutions in terms of resilience to farmers (Jimenez and Ramirez-Villegas 2018) . Such a GIS framework would provide scientific understanding to attain sustainable solutions in climate change reality and mitigate future risks (Haworth et al. 2018) .
Seasonal precipitation pattern impacts food grain production (Srinivasa Rao et al. 2016) . The long-term trends of seasonal and monthly precipitation patterns were studied over India by several authors Parthasarathy 1983, 1984; Parthasarathy et al. 1994; Guhathakurta and Rajeevan 2008) . The potential evapotranspiration (PET) is the amount of transfer of water to the atmosphere which significantly varies due to seasonal weather severity, thus affecting the soil moisture and nutrient availability to the vegetation (Thornthwaite 1948) . Aridity is the function of precipitation, potential evapotranspiration and temperature which significantly varies with seasons. The various seasonal crop growths in terms of response vary significantly due to soil-moisture interaction (Spinoni et al. 2015) and aridity (http://www.fao.org/docre p/t0122 e/t0122 e03.htm). Most of the Asian countries including India have three seasons such as kharif (June-October), rabi (November-February) and zaid (March-May) (Zhao and Siebert 2015) , whereas the cultivated agriculture crops during these seasons vary in water supply/ demand across regions (Stefan and Zhao 2014) due to variability in precipitation and potential evapotranspiration.
The study is important because the majority of agriculture crops in India are grown seasonally (Zhao and Siebert 2015) , whereas precipitation, potential evapotranspiration and aridity significantly vary across the season/region which manifests the crop's water need (Ashaolu and Iroye 2018) . The selection of crop for cultivation in such environment fully depends on land potentiality and farmer's adaptive capacity (Asfaw et al. 2016) . Furthermore, based on this analysis adequate strategies can be made for the conservation of seasonal rainfall/precipitation. The water which is surplus during the monsoon season can be utilized during dry months to meet the increased water supply demand and boost agricultural production significantly (Killeen and Solorzano 2008) .
The aim of this paper is to evaluate the various diversified datasets such as precipitation, potential evapotranspiration, aridity index (AI) (UNESCO 1979) , future (2025) precipitation anomalies data (climate change scenario) and major crops (rice, wheat and maize) for the year 2005 during the three seasons kharif, rabi and zaid and scaling these up to the district level of India and examine their spatial pattern in GIS domain for better conceptualization of climate-related risk. Furthermore, these strong themes give a better understanding of a paradigm approach to climate resilience practices.
Materials and Methods

The Study Area
The study area includes the entire land area of India (excluding islands) with geographical coordinates 6°44'N to 35°30'N latitude to 68°07'E to 97°25'E longitude. Approximately, 60% of India's total land is under agriculture practices and nearly 22% covered by forests . Agriculture-based economy in India supports the livelihood of the majority of people living in a rural area, which is in constant stress due to climate change impact.
Data Acquisition and Processing
The description of the data (see supplementary section) and the sources used in this study are given in Table 1 .
In the present study, all raster/vector datasets were downloaded and the quality was examined for the null/missing value. The quality was found satisfactory for further processing. The monthly datasets, such as precipitation, potential evapotranspiration at the first step, were clipped by the country boundary of India, and season-wise aggregate was made. Various data were analyzed in GIS domain using ARC/GIS software (Version 10.1) using modules such as Spatial Analyst toolsets (map algebra, zonal and interpolation) at the country level of India. Furthermore, all districts were represented cartographically in terms of maps for kharif (June-October), rabi (November-February) and zaid (March-May) seasons. The AI map of kharif, rabi and zaid seasons was produced by using the ratio of respective season-wise precipitation to potential evapotranspiration. The rice-, wheat-and maize-growing areas during kharif, rabi and zaid seasons data of India were evaluated to understand the district-wise major crop scenario. The predicted (2025) monthly precipitation anomalies data were in the point vector file. The monthly precipitation surfaces were generated from the vector file by interpolation (kriging) method. The monthly precipitation surfaces were used to produce the district-wise future seasonal precipitation anomalies. The above-mentioned data were analyzed, and their spatial pattern was examined at the district level with GIS-based queries which gives better comprehension about the impact of climate change.
Result and Discussion
Precipitation Pattern Analysis
Agricultural activities are delicately connected to climate variability (Salinger et al. 2005; Anwar et al. 2012 ). The precipitation is a strong parameter in which deviation affects the land and water arrangement and linked to the agriculture output (Iizumi and Ramankutty 2015) . The long-term monthly precipitation data were used, and the season-wise precipitation means for kharif, rabi and zaid were evaluated at the district level of India. The evaluation of long-term precipitation during kharif season was found highest in the district of Udupi (Karnataka state) followed by West Khasi Hills (Meghalaya state), East Khasi (Meghalaya state), Dakshin Kannad (Karnataka state), Kasaragod (Kerala state) and Sindhudurg (Maharashtra state) due to active southwest monsoon rainfall activity over India (Jagannathan and Bhalme 1973) . Similarly, during the rabi season mean precipitation was found highest in districts of Nagapattinam (Tamil Nadu state) followed by Thiruvarur (Tamil Nadu state), Chennai (Tamil Nadu state) and Cuddalore (Tamil Nadu state) due to returning northeast monsoon. A similar observation was found by Rajeevan et al. (2012 
Potential Evapotranspiration Pattern Analysis
Seasonal variability of potential evapotranspiration plays a crucial role in influencing hydrological regime, thus impacting the vegetation dynamics including seasonal agricultural crops' water demand (Liu et al. 2015) . The evaluation significantly supports in various applications including irrigation plan and understanding climate change impacts (Lang et al. 2017 ). The maps were produced for kharif, rabi and zaid seasons utilizing the long-term PET at the district level of India. The long-term PET pattern in all three seasons is more pronounced and significantly high in arid and semiarid regions of India due to climatic limitations (Tewari et al. 2014) . 693 mm, whereas the highest value was found in the district of Porbandar (Gujarat state). The majority of the south and south-western Indian districts were showing significantly high PET. Similarly, the central and western Indian districts were found with high PET during zaid season.
Aridity Index Pattern Analysis
Crop water requirements are one of the critical issues (FAO 1992) , and it can be better judged if the seasonal degree of dryness was analyzed which reflects the crop water needs (http://www.fao.org/docre p/S2022 E/s2022 e02.htm). There are several formulas given by scientists (Walton 1969; Stadler 2005) to quantify the aridity degree of dryness in the past which have some of their limitations (Maliva and Missimer 2012) . In this analysis, the aridity index formula (ratio of precipitation to potential evapotranspiration) given by UNESCO (1979) was adopted which is globally recognized (Maliva and Missimer 2012; Trabucco and Zomer 2019) and supports studies in agriculture sustainability as adaptation to climate change (Zomer et al. 2007 (Zomer et al. , 2008 . The AI for the seasons (kharif, rabi and zaid) was evaluated and analyzed the data up to the district level of India. The AI maps of India during kharif, rabi and zaid seasons are given The higher values of AI reflect more humid condition, and the lowest value for more xeric condition (Zomer et al. 2008) . The high-AI districts during kharif season are more significant over the coast of the Western Ghats and northeast regions of India. The medium AI is found in the districts of Orissa, Jharkhand, Chhattisgarh and northern portion of Telangana and Andhra Pradesh states. The majority of districts during rabi season were found with low AI except for few districts such as Karaikal (Puducherry state), Nagapattinam (Tamil Nadu state) and some districts of the state of Jammu and Kashmir. Similarly, most of the districts during zaid season were found with low AI except few districts of northeast states of India. Similar annual aridity analysis in India has been performed by Ramarao et al. (2018) . Furthermore, we have examined several districts of some of the states such as Orissa, Chhattisgarh, Madhya Pradesh and West Bengal receive approximately > 1100 mm of precipitation during kharif season, whereas these districts significantly were reflected with low aridity index value during rabi (Fig. 2 ) and zaid seasons (Fig. 3) . The water conservation of seasonal (kharif) precipitation at watershed level in such Fig. 3 The AI of zaid season districts will help significantly and support adequate soil moisture to boost the agriculture crop production up to the next season (Wani et al. 2003) . The AI in all seasons in some of the districts such as Anantapur, Cuddapah and Kurnool (Andhra Pradesh state); Mahbubnagar and Nalgonda (Telangana state); Kolar and Bagalkot (Karnataka state); Akola, Bid and Buldana (Maharashtra state); Ashoknagar, Datia, Guna (Madhya Pradesh state) in the arid and semiarid regions was found notably low (Figs. 1, 2, 3) , which are major farmer suicide hot spot (Bhushan 2016; Carleton 2017) . These districts significantly suffering from poverty (Lewis 2013 ) need policy intervention to develop a concrete plan including integrated watershed management strategies with traditional ecological knowledge for long-term sustainable management for climate resilience (James et al. 2018 ).
Predictive (2025) Precipitation Pattern Analysis
The future seasonal precipitation pattern is important because it gives the idea to predict the drought risks/soil moisture deficit which is significant to make an adaptation strategy and mitigation planning for dry-land agriculture, especially in semiarid regions (Jodha et al. 2012) . The future (2025) precipitation anomaly (climate change scenario, RCP The future precipitation deficit for the year 2025 in kharif season was found in 11 districts (Ernakulam, Alappuzha, Thrissur and Kottayam: Kerala state; Sonitpur: Assam state; Bhandara, Nagpur, Wardha and Gondiya: Maharashtra state; Churu and Hanumangarh: Rajasthan state) of India. Similarly, in the year 2025, approximately 45% of the district (equivalent to 345 districts) of India will face precipitation deficit during rabi season. The highest 15 districts with precipitation deficit during the rabi season for the same base year were found to be in the state of Kerala and Tamil Nadu (Fig. 5) . The significant precipitation deficit in the year 2025 was observed in the districts of the state of Orissa during the same base season which is one of the major povertydominated states (Bhandari and Chakraborty 2015) . In the zaid season for the year 2025, the precipitation variation was found to be very notable over India and precipitation deficit was found to be significant in the districts of Jammu and Kashmir, Uttaranchal, Kerala and Madhya Pradesh states of India.
Major Crops Area Analysis
Climate change impact on agriculture production will be more vital in the future and creates major challenges to the livelihoods, food security and nutrition availability of a large number of people (IPCC 2014) . There are significant proofs of the negative yield of major crops in several regions of India due to rising temperature/ water stress and reduction/ depletion in the number of rainy days (Venkateswarlu and Rao 2013) . The situation further aggravates when the country receives insignificant seasonal rainfall which impacts the district-level food production. The future prediction of food demand by the end of 2050 should be increased at least by 70% to meet the demand of future population (FAO 2010) . Here, we have analyzed the data for the year 2005 of major food crops such as rice, wheat and maize at the district level of India for better comprehension. The rice crop areas during kharif season were found to be the highest in five districts (Moga, Patiala, Sangrur, Amritsar and Ludhiana) of the state of Punjab of India. Similarly, the rice area during rabi season was more pronounced in the districts of West Bengal, Bihar and Orissa. The zaid rice areas were very significant in the districts of West Bengal, Orissa and southern states of India. The rice crop areas during all three seasons are found highest in six districts of the state of West Bengal. The majority of the districts of West Bengal state were used for rice cultivation for more than one season because of the high land suitable for agro-ecological zones (Adhikari et al. 2011) . Wheat is a rabi crop that is grown in the winter season which needs cool winters for seed germination/early growth and hot weather for crop maturity (Mahajan 2012; FAO 2012) . The district crop areas for wheat were found to be the highest in the states of Punjab, Haryana and Uttar Pradesh. The highest crop area (more than 75%) was found in the districts of Moga (Punjab state), Sangrur (Punjab state), Kaithal (Haryana state), Mansa (Punjab state) and Muktsar (Punjab state). These states' lands area are significantly suitable for wheat because it is climatically suitable, fertile and well supported by irrigation facility (Kumar et al. 2014) . Maize is the third most important cereal crop in India after rice and wheat (Khatkar et al. 2016) , which is grown significantly in kharif and zaid seasons (Zhao and Siebert 2015) . The maize crop areas during kharif season were found to be the highest in the districts of Haveri (Karnataka state) followed by Panch Mahals (Gujarat state), Banswara (Rajasthan state), Kannauj (Uttar Pradesh state) and Hamirpur (Himachal Pradesh state). Similarly, during zaid season the maize crop areas were found to be the highest in the districts of Khagaria (33%), Begusarai (30%), Madhepura (21%) and Saharsa (19%) of Bihar state of India (Zhao and Siebert 2015) . The evaluation of maize crop area (> 25%) in all seasons was found highest in five districts of India. They are Khagaria (Bihar state), Haveri (Karnataka state), Panch Mahals (Gujarat state), Begusarai (Bihar state) and Banswara (Rajasthan state).
Conclusion
In the present study, we have used remote sensing datasets such as seasonal long-term precipitation, potential evapotranspiration and future 2025 precipitation anomaly pattern at the district level of India. Furthermore, we have computed the seasonal AI utilizing the formula given by UNESCO to address one of the critical research gaps at the district level of India. Such an attempt will significantly support when combined with other district-level ancillary datasets to support for livelihood improvements and climate change adaptations programs, especially in arid and semiarid regions (Tewari et al. 2014) . The long-term seasonal AI is important because it gives the circa estimates about the need for the water demand of the majority of seasonal crops. In our study, we found several districts of some of the states of India receiving adequate precipitation during kharif season and manifested with low aridity index in rabi and zaid seasons. These districts with low AI highlight the need to modify/increase the existing irrigation system toward adequate rainwater conservation (seasonal rain) at the watershed level (Sharma 2009 ) with appropriate technologies (http://www.fao.org/3/w7314 e/w7314 e0q.htm). Such measures will enhance the soil moisture to support the existing/future crop water requirement which will significantly boost agriculture production in the long run. The study of future (2025) prediction of precipitation deficits during kharif season was found noticeable in some of the districts of states of Kerala and Assam which are known for rice production (Karunakaran 2014; Ahmed et al. 2011) . Furthermore, precipitation deficit for the year 2025 during rabi and zaid seasons is very prominent at the district level of India. Additionally, we have evaluated some of the major crops such as rice, wheat and maize at the district level of India. The result showed that rice crop areas were very significant in the district of West Bengal because of the crop suitability to the agro-ecological zone. Wheat crop area was found highest in the districts of the states of Punjab, Haryana and Uttar Pradesh because the majority of districts in these areas are found climatically suitable, fertile and well supported by irrigation facility (Kumar et al. 2014) . The overall evaluation of the present work manifests the need of synergic approaches/strategies to mitigate the climate change impact as a long-term goal to obtain sustainability in food security, enhancing the livelihood and magnifying the farm household for future . Harnessing the potentiality of remote sensing data with GIS analysis has the enormous capability and will support significantly when integrated with in situ ancillary datasets to address the farmer's problems faster, better and at a greater scale.
